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ABSTRACT:
The host response to the nematodes Heligmosomoides hudsoni (Cameron, 1937) and H.
johnsoni Rausch and Rausch, 1973 (Heligmosomidae) was investigated in their natural hosts, varying
lemmings, Dicrostonyx spp., and heather voles, Phenucomys intermedius Merriam (Rodentia: Arvicolidae), respectively. The nematodes occupy the cecum of the host, where they coil tightly around
the long cecal villi. In individual animaIs, the comparatively few villi occupied became much enlarged,
exhibiting severe hyperplasia of the mucosa and other microscopic changes, as described. The mechanism of pathogenesis involved three factors: strangulation of the villi, pressure atrophy, and chronic
irritation by the crests of the synlophe. In lemmings, the presence of abundant plasma cells in affected
villi indicated that H. hudsoni evokes a strong immune response. The distribution and zoogeography
of the nematodes and their hosts are discussed.

Nematodes of the genus Heligmosomoides Hall, 1916 (Heligmosomidae) characteristically inhabit the small intestine of rodents of the family Arvicolidae in
the Holarctic (Durette-Desset, 1971). Two species, H. hudsoni (Cameron, 1937)
and H. johnsoni Rausch and Rausch, 1973, are known only from varying lemmings, Dicrostonyx spp., and the heather vole, Phenacomys intermedius Merriam, respectively, in which they are found coiled tightly around long villi arising
from the cecal wall. The presence of villi in the cecum of varying lemmings
apparently had not been reported before they were noted by Cameron (1937) in
connection with observations on Heligmosomoides hudsoni. Voge and Bern (1949)
described cecal villi in the arboreal vole, Phenacomys (=Arborimus) longicaudus
True, and confirmed their presence in P. intennedius and A. alhipes (Merriam);
later, these authors (1955) discussed the villi in varying lemmings from northern
Alaska, mainly with respect to the previous findings in A. longicaudus.
We observed that the presence of the nematodes caused marked enlargement
and other changes in the affected villi. The present paper describes the lesions
produced by H. hudsoni and H. johnsoni in their hosts, and considers sorne
zoogeographie characteristics of these nematodes.
Materials and Methods

Cecal tissues studied in detail were obtained from eight lemmings and three
heather voles. Two infected lemmings were collected at Point Barrow and near
the shore of Beaufort Lagoon, on the Arctic coast of Alaska. Origins of six
noninfected animaIs were as follows: Beaufort Lagoon, 1; laboratory-reared, from
stock captured at Beaufort Lagoon, 1; Bathurst Island, Canadian Arctic Archipelago, 2; laboratory-reared, from stock captured on Bathurst Island, 2. Two
infected heather voles were trapped on the Olympie Peninsula, and one in Pierce
County, Washington.
25
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The ceca removed from the rodents were opened, usually washed free of contents, and preserved in a 10% solution of formalin. Portions of ceca with villi
attached were sectioned by the paraffin-embedding method and stained in hematoxylin-eosin, Mallory's aniline blue collagen stain, and by the periodic acidSchiff method. SeriaI transverse and sagittal sections were prepared of single
villi, both normal and with nematodes in situ. The anatomie details of the cecum
were determined mainly from a series of laboratory-reared lemmings, Dicrostonyx
cf. groenlandicus (Traill) (stock from Bathurst Island), and from a specimen of
heather vole preserved intact.
Results
The biotope of Heligmosomoides hudsoni and H. johnsoni cannot be completely defined at present, but a specialized function of the cecum is indicated by
the greatly increased absorptive surface resulting from the presence of the long
villi. (Assuming it to be a cylinder with a smooth surface, a villus 20 mm long
with a diameter of 0.5 mm would have an area of approximately 31.4 mm 2 , or
more than 150 times greater than the 0.2-mm 2 area of its base.) In Dicrostonyx,
we observed that the cecum has an abundant f10ra and fauna. Protozoa were
numerous in sections of the intact cecum of a wild lemming, and we found
trichomonads, Tritrichol1lOnas sp., in great numbers in laboratory-reared animaIs
(stock from Bathurst Island). Also in the cecal content were many bacteria, consisting, in order of abundance, of very long Gram-negative rods, Gram-positive
rods, and Gram-positive cocci. A detailed description of the structure of the
cecum in Dicrostonyx spp. and Phenacomys intermedius was required in order
to assess the pathologie changes induced by Heligmosomoides spp. In the following accounts, measurements are given in micrometers unless otherwise stated.
Cecal villi in Dicrostonyx spp. (Figs. 1-3)
The gross (external) characteristics of the cecum of Dicrostonyx have been
described by Vorontsov (1967; cf. Fig. 136) and will not be considered here. The
organ is situated posteriorly in the peritoneal cavity, with the long axis directed
more or less transversely, and with the lesser curvature dorsal. The post-cecal
spiral, consisting of three to five loops in our material, was situated ventrally on
the left, and the apex (blind end) of the organ on the right. The ascending colon
ran mediad and then dorsad, paralleling the terminal portion of the ileum. On the
surface of the cecum, along the lesser curvature (dorsal midline), large vessels
enclosed by the serosa extended for the fulllength of the organ. The ileum joined
the cecum dorsally, just anterior to the midline, and about a third of the length
of the organ from the ceco-colic orifice.
Filamentous villi (Fig. 1) were distributed in two dorsal fields that extended
nearly the fulllength of the cecum. None was present on the mucosa of the ventral
half of the organ, although a few scattered nodules of mucosa were observed in
this area. An aggregation of long villi surrounded the ileo-cecal orifice. From the
latter orifice nearly to the blind end of the organ, a series of about 20 uniform,
parallel ridges, 1.5-3 mm apart, extended ventrad from the dorsal midline along
both the anterior and posterior surfaces of the cecum. U sually, eight to 11 long
villi arose from each ridge bilaterally. Dorsally, the mucosa between the ridges
exhibited a series of low, longitudinal ridges, from which occasional villi of small-
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Figure 1. Part of the mucosal surface of the cecum of a varying lemming (Beaufort Lagoon, 21 July
1970), with normal villi and villi occupied by Heligmosomoides hudsoni (arrows).

er size arose in an irregular pattern. The distal ends of the large, vertical ridges
subdivided, forming several divergent lower ridges that extended ventrad over
that part of the cecal surface lacking villi. Villi at the apex of the cecum were
short, and their length decreased progressively also toward the ceco-colic orifice,
where they disappeared. Prominent folds of mucosa, which presumably function
as valves, extended through the orifice into the first loop of the post-cecal spiral.
The blood supply to the villi was provided by the large artery extending along
the dorsal surface of the cecum. From it, a single branch extended into each of
the parallel ridges; this artery in turn gave off a branch to each villus. The same
course, in reverse, was taken by the veins. Vessels extended as weil through the
less prominent ridges on the mucosa ventrally in the cecum.
The filamentous villi in Dicrostonyx were slightly attenuated distad, usually
somewhat ftattened, and ranged in length from only 2-3 mm along the margins
of the dorsal fields to at least 22 mm; in transverse section, they were about 300630 in greatest diameter by about 300-400. At low magnification, the mucosa of
the villi as weil as that of the ridges from which they arose had a uniform, wrinkled
appearance, imparted by the presence of the numerous crypts of Lieberkühn (Fig.
2). The ridges and villi were covered by a simple columnar epithelium, 20-24 in
height, with nuclei 5-6 in diameter situated near the basal membrane. Goblet cells
were few in the epithelium of normal villi. The epithelium extended into the crypts
of Lieberkühn, where the cells were of low columnar type. Goblet cells were
numerous in the crypts, but cells of Paneth were not observed. The contents of
the goblet cells were PAS positive. In transverse section, the crypts were 50-70
in diameter.
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2
Figures 2-4. Normal structure of cecal villi. Hematoxylin-eosin (HE). 2. Median sagittal section of
a cecal villus l'rom a varying lemming. 3. Transverse section of cecal villus l'rom a varying lemming. 4.
Transverse section of cecal villus l'rom a heather vole.

The presence of the numerous cry pts caused the villi to have an irregular outline
in transverse section (Fig. 3). The lamina propria, consisting of loose connective
tissue between the epithelium and the muscularis mucosae, contained numerous
lymphocytes and histiocytes, and sections of capillaries, 5-7 in diameter, often
were discernible. The muscularis mucosae was an extension of that in the vertical
ridges, and formed a layer 5-7 in thickness around the central area containing
the central artery and vein. (Il was evident that the villi were capable of considerable contraction, based on the observation of tissues fixed in formalin immediately following the death of the animal.) The lumen of the central vein ranged
from about 41-53 in greatest diameter; that of the artery, 17-34. The wall of the
latter ranged from 4-5 in thickness. The central Iymphatic vessel, or lacteal, was
situated somewhat laterally between the vein and artery; its diameter was usually
less than that of the vein.
Cecal villi in Phenacomys intermedius (Fig. 4)

The gross relationships of the cecum in situ were not precisely determined in
the heather vole. The internai characteristics of the organ, however, appeared to
be identical with those described above for Dicrostonyx, involving the same arrangement of vertical ridges from which the long villi arose. In Arborimus albipes,
of which we studied a single specimen, the internaI structure of the cecum differed
mainly in the less regular arrangement of the vertical ridges.
In P. intermedius, the cecal villi ranged in length from 3 to at least 12 mm, and
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appeared to be more cylindrical than those in Dicrostonyx; in transverse section,
they measured 310-400 in greatest diameter, by 260-350. As compared with the
cecal villi in Dicrostonyx, crypts of Lieberkühn were considerably fewer. In
structure, the villi of the heather vole seem c10sely to resemble those of Arborimus longicaudus, as described by Voge and Bern (1949).
The villi were covered by columnar epithelium 14-17 in height, with nuclei 57 in diameter. Goblet cells, not observed by Voge and Bern (1949) in A. longicaudus, were present. The crypts of Lieberkühn, 53-61 in diameter, were lined
by low-columnar or cuboidal epithelium. Goblet cells were numerous in the crypts.
As seen in transverse section (Fig. 4), the structure of the villi differed somewhat
[rom that in Dicrostonyx. Peripherally, the lamina propria consisted of loose fibers
with few cells, but centra11y an aggregation of ce11s with granular nuclei surrounded the central vessels. The muscularis mucosae, up to 10 thick, closely surrounded the central vein and artery. The lumen of the vein ranged from about 29 to 49
in greater diameter; that of the artery, I7 to 34. The central Iymphatic vessel was
not prominent, and often could not be identified. Capi11aries were observed in
the lamina propria.
Changes in villi occupied by Heligmosomoides spp. (Figs. 5-8)
Macroscopically, the nematodes were found tightly coiled around the affected
villi, their red color contrasting with the white host tissue (Fig. 1). Their bodies,
including the cephalic and caudal ends, lay within grooves in the hyperplastic
mucosa, and occasiona11y were almost enclosed. In infected rodents, both male
and female nematodes were present; a11 nematodes were mature, and the females
contained abundant eggs.
The mode of attachment of heligmosomids to the intestinal vi11i of the mammalian host has been described in detail by Durette-Desset (1971). Such ne matodes coil sinistrally around the villus, with the cephalic end toward its base. The
synlophe of heligmosomids has an important function in attachment, in that the
crests or arêtes of the ventral or left-ventral surface of the nematode are embedded in the epithelium (cf. Durette-Desset, 1971, Fig. 1). In transverse section,
the crests of the nematodes in Dicrostonyx and Phenacomys were seen to be
sharply pointed (Fig. 5). In nematodes of both species, the crests arose from the
second (interior) layer of cuticle and protruded through the external layer (cf.
Bogoiavlenskii, 1973, Fig. 5). In transverse sections of specimens in situ, the
numbers of crests ranged from 10 to 12 in H. hudsoni. They emerged from the
cuticle at an angle; the largest, 15 in height, were on the left-ventral surface of
the body of the nematode. In H. johnsoni, the crests were about 10 in maximum
height, and were broader at the base; numbers of crests visible in nematodes
sectioned in situ ranged from 12 to 16. The ventral crests emerged vertica11y from
the cuticle; those situated laterally emerged at an angle, with their distal edges
directed dorsad. The crests of both species were strongly PAS positive.
In both the varying lemming and the heather vole, the nematodes occupied
only a sma11 proportion of the total number of cecal villi in individual animaIs.
ln 13 infected lemmings for which counts were made, numbers of H. hudsoni
ranged from one to 122, but only two (with 33 and 122) had more than II specimens. The maximum number of H. johnsoni recorded was 25, in a heather vole
captured near Heart Lake in the Olympic Mountains. In rodents of both genera,
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Figures 5-8. Changes in cecal villi induced by Heligmosomoides hudsol/i and H. johl/sol/i. 5. Section
of H. jollIIsol/i in situ, showing crests of the synlophe. PAS. 6. Affected villus of a varying lemming,
showing characteristic hyperplasia of the mucosa induced by H. hudsol/i. Plasma cells (arrow) are
abundant medial to the muscularis mucosae. HE. 7. Appearance of the mucosa adjacent to the body of
H. hudsol/i in a varying lemming. HE. 8. Transverse section of villus occupied by H. jollIIsol/i in a
heather vole, showing hyperplasia of the mucosa and extensive fibrosis of the central area (arrow).
Mallory's aniline bille collagen stain.
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the nematodes usually occurred singly on the villi, but occasionally two were
present (Fig. 1). After the cecal contents had been removed by washing, the
affected villi were immediately obvious macroscopically, because of their greatly
increased diameter. The nematodes, red in color when living, usually also were
obvious, but they frequently were embedded deeply in the hyperplastic mucosa.
In occasionallemmings, whether or not infected, degenerate, shrunken villi were
observed, made distinctive by a characteristic brownish color.
In varying lemmings, the affected villi attained a diameter of as much as 4 mm,
or more than six times the diameter of normal villi. Macroscopically, they appeared opaque, with an apparently smooth surface. In sections, marked hyperplasia of the epithelium was apparent, with a corresponding proliferation of the
crypts of Lieberkühn (Fig. 6). Except for the mucosa in direct contact with the
body of the nematode, proliferation of the epithelium had resulted in the formation
of many secondary, villuslike projections 20-50 long over the entire surface.
These were covered by columnar epithelium as much as 30 in height. Goblet cells
were numerous in the columnar epithelium on the surface, and abundant in the
crypts. Numbers of mitoses had increased significantly in the epithelium of the
surface as well as in that of the crypts. Secretion by goblet cells had increased
greatly in quantity, as evident in sections stained by the PAS method.
Internally, the organization of tissues had been modified. The muscularis mucosae, usually about 36-40 in thickness (as seen in transverse sections), had been
displaced laterad, essentially obliterating the lamina propria. The central area
(submucosa), enclosed by the muscularis mucosae, was densely packed with
leukocytes, of which plasma cells made up the majority. Scattered Russell's bodies were present, and eosinophils were numerous. The central vessels were much
enlarged. The lumina of veins ranged from 146 to 180 in greater diameter; of
arteries, 49 to 6 I. As seen in sections, the walls of arteries had increased in
thickness, ranging from 17 to 36. The lymphatic vessels also were enlarged, but
only to about the same degree as the veins and arteries. The mucosa exhibited
increased vascularity.
Within the spiral groove produced and occupied by the nematode, the mucosa
was flattened and ranged from only 130 to 340 in thickness. As observed in sagittal
sections, the tissue in contact with the ventral surface (and crests) of the nematode lacked epithelium, and the underlying cells were much compressed (Fig. 7);
leukocytic infiltration was not evident.
Sections of the brown, degenerated villi occasionally found in the lemmings
exhibited the same hyperplastic changes observed in villi with nematodes in situ.
Sections of these stained poorly, in a manner typical of necrotic tissue.
The findings in the infected heather voles appeared fundamentally to be like
those in Dicrostonyx, but some qualitative and quantitative differences were evident. The affected villi, attaining a diameter of about 2 mm, macroscopically
resembled those in lemmings. The mucosa was less hyperplastic, its thickness
ranging from only about 350 to 400, and the superficial protrusions characteristic
of the mucosa of affected villi in Dicrostonyx were not observed. The epithelium
was hyperplastic, with columnar cells as much as 19-24 in height. Numbers of
crypts had increased moderately, and mitoses were more numerous than in normal villi. Goblet cells were abundant. The most striking difference as compared
with findings in the lemmings was the generalized fibrosis of the lamina propria
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and submucosa (Fig. 8). The muscularis mucosae was thickened and displaced
laterad. Central vessels were enlarged; the lumina of veins ranged from 146 to
220 in greater diameter, and of the arteries, from about 60 to 73. The walls of
both were somewhat thickened. The lymphatic vessels were not disproportionately enlarged. Peripherally, the lamina propria exhibited increased vascularity.
The extent of leukocytic infiltration was somewhat variable, and sometimes quite
diffuse. The infiltrating cells consisted of neutrophils, lymphocytes, and histiocytes; plasma cells were not evident. Scattered, small aggregations of eosinophils
were present in the mucosa.
Within the grooves produced in the mucosa by the nematodes, the epithelium
was f1attened, or only nuclei were discernible in the compressed tissue. Around
the crests of the nematodes, the epithelium was frequently lacking. Adjacent to
the nematodes, the arrangement of the crypts of Lieberkühn often was distorted.
Focal infiltration by leukocytes in the vicinity of the crests was not observed. A
layer of homogeneous, PAS-positive material , possibly the accumulated secretions of the crypts, was sometimes present between the body of the nematode
and the host tissue.
Voucher specimens

Siides containing sagittal sections of nematodes in situ have been deposited in
the USNM Helminthological Collection: HeLigmosomoides hudsoni, from a varying lemming collected on the Arctic coast of Alaska (Beaufort Lagoon) on 21 July
1970, No. 77074; H. johnsoni, from a heather vole collected at Corral Pass, Pierce
County, Washington, on 16 September 1979, No. 77075.
Discussion

As noted by Durette-Desset (1971), nematodes of the family Heligmosomidae
characteristically coil around one or several villi, typically in the duodenum of
the mammalian host. Because of the slight tissue reaction usually evoked by such
nematodes, she considered that they might be mobile, not remaining long at one
locus. Spurlock (1943) found that Heligmosomoides polygyrus (Dujardin, 1845)
(syn.: Nematospiroides dubius Baylis, 1926) in experimentally infected mice,
Mus museulus L., caused severe erosion of the intestinal mucosa, with local
hemorrhage. The lesions produced by Nippostrongylus brasiliensis (Travassos,
1914) (Heligmosomidae: Nippostrongylinae) in the jejunum of experimentally infected rats, Rattus norvegieus (Berkenhout), in sorne respects resembled those
caused by the two species considered here (Taliaferro and Sarles, 1939; Symons
and Fairbairn, 1963). Nippostrongylus brasiliensis, however, remains in the host
for only a short time (ca. 2 wk), and the lesions produced by it are not chronic
in character.
The lesions caused by H. hudsoni and H. johnsoni appear consequently not to
be comparable with those associated with congeners or related nematodes inhabiting the small intestine of the host. ln both varying lemmings and the heather
vole, the tissue response is limited to individual, isolated villi, with no indication
that adjacent cecal tissues are affected. The mechanism of pathogenesis appears
to involve three factors: strangulation of the villus, pressure atrophy in the vicinity of the nematode, and chronic irritation by the crests. The extent of the
chronic lesions produced seems to indicate that the nematodes are site-tenacious
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and comparatively long-lived. The presence of abundant plasma cells in affected
villi of Dicrostonyx indicates a strong immunogenic stimulation and a comparable
response by the host. In lemmings, the nematodes seem ultimately to cause necrosis of the entire villus. The life span of the nematodes is unknown, but a single
specimen of H. hudsoni was present in a varying lemming maintained in the
laboratory for approximately 8.5 mo following its capture in western Alaska. In
our captive colonies of Dicrostonyx spp., we have no evidence that the cycle of
this nematode may be completed under such conditions. As is characteristic of
rodents of other genera in the family Arvicolidae, the life span of varying lemmings usually is not much more than a year under natural conditions.
The two species considered here appear to be highly evolved members of the
genus Heligmosomoides, which Durette-Desset (1971) considered to have arisen
in the western Palaearctic during the late Pliocene. Their hosts, placed in different
tribes in the family Arvicolidae, are not closely related, and we consider that the
similar structural organization of the cecum and the presence of cecal villi in
varying lemmings and in Phenacomys s.1. are attributable to convergence. The
morphologic similarity of the two species of Heligmosomoides (i.e., loss of crests
dorsally) as weil may be attributable to convergence, through a process of adaptation to the highly specialized habitat unique to their hosts.
The genus Phenacomys s.l. is of Palaearctic origin, having appeared in the
Nearctic more than a half-million years ago (Repenning, 1980). Little is known
concerning the geographic distribution of H. johnsoni, because only three heather
voles, ail collected within the state of Washington, have been found to be infected.
In that region, P. intermedius is characteristically found at high elevations (our
specimens were trapped at elevations from about 1,370 to 1,675 m). The two
mountain masses from which the animais were obtained are separated by lowlands more than 160 km in extent, unsuitable as habitat for the heather vole. It
thus appears that H. johnsoni became widely dispersed in this vole prior to the
end of the last (Würm) glacial period, more than 10,000 years ago.
Varying lemmings have an extensive distribution in the Holarctic zone of tundra, including many of the Arctic islands. They compose a superspecies (Artenkreis), as defined by Mayr (1963). The allopatric species are distinguished by a
diversity in diploid numbers of chromosomes (Rausch, 1977). Dicrostonyx has a
long fossil record in the Palaearctic and was considered by Zazhigin (1976) to
have spread into Beringia more than a million years ago. Its dispersal into the
Nearctic apparently dates only from the late Pleistocene, ca. 175,000 years ago
(Repenning, 1980).
ln addition to Cameron' s (1937) records of H. hudsoni from the Ungava Peninsula and Baffin Island, we have obtained this nematode from varying lemmings
at widely separated localities in the Nearctic (Table 1). In Eurasia, H. hudsoni
has been reported from only two localities, the lamaI Peninsula in western Siberia
(Luzhkov, 1964) and Wrangel Island in the Soviet Far East (within the former
limits of Beringia) (Nadtochii, 1970). Luzhkov's specimens, however, were found
in the duodenum of brown lemmings, Lemmus sihiricus (Kerr), narrow-skulled
voles, Microtus gregalis (Pallas), as weil as in varying lemmings. The occurrence
of the nematodes in the small intestine of the ho st and their lack of host specificity
make questionable Luzhkov's determination of the species. Nadtochii's report
of H. hudsoni from six of 10 varying lemmings examined did not include further
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Table 1.

Records of occurrence of Heligmosomoides hudsoni in Dicrostonyx spp. in the Nearctic.

Geographie locality

Number of
animais examined

Number of
animais infected

19

II

1
1
9

1

Alaska
U mnak Island
Cape Peirce
Becharof
St. Lawrence Island
Nome
Central Brooks Range
Wainwright
Point Barrow
Meade River
Beaufort Lagoon
Lake Schrader

1
12
1
18

1
2
5

Canada
Banks Island
Victoria Island
Prince Patrick Island
Churchill
Rankin Inlet
Bathurst Island
Devon Island
Chimo

1
1

5
3

6
5

6

3
4

Greenland
Smith Sound

3

information. The geographic distribution of H. hudsoni suggests that it is of Beringian origin and that it became widely dispersed in Dicrostonyx during the late
Pleistocene. lts presence on Wrangel Island is compatible with this concept,
because the low diploid number of chromosomes in the varying lemming there
(2n = 28) suggests affinities with Recent Alaskan species, rather than with those
on the Eurasian continent.
The parasite-host assemblages involving the species of Heligmosomoides in
Dicrostonyx spp. and Phenacomys intermedius are relatively ancient. The comparatively small proportion of cecal villi occupied by the nematodes even in the
most massive infections observed would seem to have no adverse effect on the
ho st.
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